CuInSe 2 has been a good candidate for photovoltaic material due to its direct band gap and high absorption coefficient. As the stability of photovoltaic are generally dependent on the aggressive environment, i.e. sun light, the CuInSe 2 thin film can degrade after long exposure of high intensity light irradiance. The present study reports on the effect of high intensity light irradiance to the electrical and optical properties of thermal-evaporated CuInSe 2 thin films. The thin films were exposed to light intensity of 250 W/m 2 , 500 W/m 2 , 750 W/m 2 , 1000 W/m 2 and 1500 W/m 2 using halogen lamp. We noticed an increasing trend in resistivity after light exposure at all intensities due to the increase of light-induced defects in the films which act as recombination centre for electronhole pair. Crystallinity of CuInSe 2 thin films decreases with increasing intensity of light exposure as a result of light-induce defect. CuInSe 2 thin films are found to have higher optical band gap compared to reported 1.01eV due to the amorphous structure of the film and relatively higher surface roughness.
Introduction
Polycrystalline copper indium diselenide (CuInSe 2 ) can be used as an absorber layer of solar cell thin film due to its high absorption coefficient (~10 5 cm -1 ), and a direct band gap of 1.01eV [1] . To date, a single cell device of CuInSe 2 based solar cell achieved an efficiencies of 19.9% [2] which is as good as multicrystalline Si solar cell [3] . Nevertheless, the properties of CuInSe 2 thin films are very dependent to its preparation method and accurate control of the parameters is needed to achieve desirable properties. This results in higher cost of production for CuInSe 2 based solar cell device. Therefore, other than achieving higher conversion efficiency of the material, the stability of the CuInSe 2 based solar cell becomes important in increasing module-power-to-cost ratio [3] .
Researchers such as Yanagisawa et. al [4] studied on degradation of a commercial 5W CuInSe 2 module by light/dark cycle irradiation using xenon lamp at 200W/m 2 . They irradiated the module for 5hrs and 19hrs in dark state continuously for 10 cycles. The maximum power, P max and fill factor gradually increase for initial cycles and reaches maximum value at 5 th cycle which is 4% relative to its initial value and then gradually decreases. They predicted the degradation of the module at approximately 20% less its initial value if the tests continue to 20 cycles.
Meanwhile, Lam et al. [5] studied on degradation of a commercial 40W CuInSe 2 module under real operating conditions, i.e. under sunlight. The module is setup on a roof in Switzerland and environmental parameters such as global solar irradiance, cell temperature, air mass and cell efficiency were recorded before and after one year of sunlight exposure. The initial efficiency of the module are 11.57% with an output of 42.4W decreases to 10.54% with 38.6W output after receiving approximately 432kWh of sunlight and weather conditions. Another researchers [6] studied on the effects of temperature and 8MeV electron irradiation on electrical characteristics of ZnO/CdS/Cu(In,Ga)Se 2 /Mo solar cells. The short circuit current and the cell efficiency decrease as a result of increasing radiation-induced defect. It is due to the increase in surface temperature will enhance thermal recombination of charge carriers in the cell and thus reduces the ideality factor. Deep level defects do not increase significantly but continuous irradiation will caused significant effect on electrical characteristics.
Significant studies on the stability of CuInSe 2 based solar cell module have been done. However, there are no previous reports found on the degradation studies on CuInSe 2 thin film itself. Although devices are generally encapsulated for protection from aggressive environment, the CuInSe 2 thin film can still degrade with resultant decrease in device performance. The investigation of the degradation behavior for CuInSe 2 thin films is significant in studies of prolonging the lifetime and increasing stability of the CuInSe 2 solar panels.
In present work, we report on the effect of high intensity light irradiance on CuInSe 2 thin films fabricated by thermal evaporation in vacuum from a single source material. Sheet resistivity and optical band gap of the thin films expose to various light intensities are investigated.
Experimental procedure

Preparation of source material
The polycrystalline bulk CuInSe 2 was prepared using solid state reaction of pure elements of copper, indium and selenium. Starting materials copper, selenium and indium were purchased from Alfa Aesar and Sigma-Aldrich with nominal purity 99.5%, 99.5%, 99.99% respectively. The powders were weighed in atomic stoichiometric proportion (1:1:2) and were vacuum sealed in a quartz ampoule at 10 -3 mbar.
The ampoule was then put into a modified tube furnace (Model: F21100) with rocking motion to apply the idea of producing homogeneous ingot by Brau [7] . According to the phase diagram provided by Fearheiley [8] , the melting point of CuInSe 2 is 1005°C. However, the mixed powder was melted at 900°C due to the limitation of the furnace temperature. The ampoule was heated to 200°C for 5 hours to allow molten In and Se diffuse into copper to enhance homogeneity of the compound. Then the temperature was raised to 900°C. After 10 hours, the furnace was rocked for 50 hours to ensure proper mixing and homogeneity of the sample. The heating/cooling rate was at 2°C/min and rocking frequency was set at 3cycles/min at 45° angle. The samples of CuInSe 2 was removed from the ampoule and ground to powder using mortar and pestle.
The XRD patterns of CuInSe 2 powder were investigated by XPERT-PRO X-ray diffractometer using Cu Kα radiation [λ=1.54056Å]. Fig. 1 shows the XRD patterns of the synthesized powder which match considerably with JCPDS ref. 98-008-7482 [9] for CuInSe 2 and was observed in previous report [10] . The sharp peaks in the XRD pattern show the compound is polycrystalline. Figure 1 . XRD pattern of synthesized CuInSe 2 powder.
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Thin film preparation
Synthesized CuInSe 2 powder was put in Mo boat and was evaporated using thermal evaporator (Edward Auto 306 Vacuum Coating Unit). Soda glass slide was used as substrate. The substrates were ultrasonically cleaned in detergent, rinsed in methanol for 5 secs and 10% HCl for 10 secs in sequence. The substrates were placed on a mask 14cm directly above the boat. A bell jar was then used to cover the setup and was vacuumed until its pressure reached 6.0 x 10 -6 torr. Electric current was applied to Mo boat and the compound was pre-heated for 1 hour at a temperature lower than the compound melting point prior to deposition. Then the current was gradually increased until the all source material in the boat melted and evaporated up to the substrates.
High intensity light irradiance
The as-deposited thin films were exposed to light intensity of 250 W/m 2 , 500 W/m 2 , 750 W/m 2 , 1000 W/m 2 and 1500 W/m 2 for 5 hours respectively using halogen lamp. The XRD patterns of the CuInSe 2 thin films were recorded using the same XRD equipment used for CuInSe 2 powders measurement. Optical absorption spectrum was recorded in the wavelength range 300-1500nm using Schimadzu UV-VIS-NIR spectroscopy. The electrical conductivity at room temperature (300K) was determined using linear four-point-probe technique.
Results
Structural characterization of CuInSe 2 thin films
CuInSe 2 thin films of thickness ~350nm were exposed to various light intensity for 5 hours as well as the as-deposited film were characterized using XRD analysis. Fig. 2 shows the XRD pattern of the films exposed to various intensity of light. The XRD analysis suggests that the as-deposited film is polycrystalline in nature as sharp peaks are observed. The thin films of various condition are having preferred orientation of grains in (112), (024) and (132) plane parallel to the substrate. However, the crystallinity decreases as the intensity of light exposure increases as observed in the hump of the patterns. This suggest to the increase of light-induced defect in the thin film.
The mean size of the crystallities in CuInSe 2 thin film was calculated using Scherrer's formula of XRD peak broadening. [11] (1) Table 1 shows the FWHM of the (112) peak and its position and calculated crystallite size of the CuInSe 2 thin films expose to various light intensities. It shows the crystallite sizes of the thin films are increasing with increasing intensity of light irradiance. 
Electrical properties of CuInSe 2 thin films
Electrical sheet resistance of CuInSe 2 thin films was measured by four-point probe at room temperature. The sheet resistance measurements yield valuable information about conduction mechanism in thin film semiconductors [12] . The sheet resistance (ρ) was calculated by formula [13] 
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where t layer thickness in cm. The values of sheet resistivity and CuInSe 2 are shown in Table 2 which is slightly lower than the range of semiconductor resistivity at room temperature which is between ~10 -2 to 10 9 Ωcm [14] . This may due to the effect of copper's lower electrical resistivity of 1.7241x10 6 Ωcm [15] . We noticed an increasing trend in resistivity after light exposure at all intensities especially at high light intensities of 1000W/m 2 and 1500W/m 2 as shown in Figure 3 . This is due to the increase of light-induced defects in the films which act as recombination centre for electron-hole pair. 
where A is the optical absorbance, d is the film thickness. The absorption coefficient, α, was found to follow the relation [17] :
where B is a constant, and Eg is the direct band gap energy. Figure 4 shows the plot of (αhv) 2 as function of the photon energy (hv) for CuInSe 2 thin film degraded in various light intensity. For hv > 1.5eV, the plot follows a straight line and intercepts the energy axis. It is observed that the value of direct optical band gap Eg is at range 1.52-1.59eV for CuInSe 2 thin films. The band gap Eg increases with increasing exposure of light intensity. However, Firoz Hasan et al. [18] reports band gap value of 0.98eV for stiochiometric CuInSe 2 thin film prepared by stacked-elemental evaporation. The higher band gap values of the sample thin film are due to higher amorphousity of the thin film [16] and different preparation method. and 1500 W/m 2 and an increasing trend in resistivity are observed after light exposure at all intensities due to the increase of light-induced defects in the films which act as recombination centre for electron-hole pair. Crystallinity of CuInSe 2 thin films decreases with increasing intensity of light exposure as a result of light-induce defect. CuInSe 2 thin films are found to have higher optical band gap compared to reported 1.01eV due to the amorphous structure of the film and relatively higher surface roughness.
